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(57) ABSTRACT 

In general, in one aspect, the disclosure describes a Switch 
ing device that includes a plurality of ingreSS ports to receive 
data from external Sources and a plurality of egreSS ports to 
transmit data to external destinations. The Switching device 
also includes a plurality of queues to Store data waiting to be 
transmitted from a particular ingreSS port to a particular 
egreSS port. A request generator generates requests for 
permission to transmit data for the queues. A request indi 
cates a cumulative amount of data contained in a respective 
queue. A Switching matrix provides Selective connectivity 
between the ingreSS ports and the egreSS ports. The Switch 
ing device further includes a Scheduler to receive the 
requests, generate grants based thereon, and configure the 
Switching matrix. The Scheduler incorporates a mechanism 
to periodically monitor its operating efficiency and perturb 
its internal State when its efficiency is below a certain desired 
level. 

100 

160 
- S - 

170 

FABRIC FABRIC 
NTERFACE PORTO 

C 
Y 

C 

l 
s 
ca 

110 

FABRC FABRIC 
INTERFACE PORTN-1 

  

  

  

  



Patent Application Publication Jun. 23, 2005 Sheet 1 of 18 US 2005/0135398 A1 

100 

EXTERNAL 
LINKS 

170 
PACKET 

PROCESSOR FABRIC FABRIC 
TRAFFIC INTERFACE PORTO 
MANAGER 

O 
OY 

a. 
1 

C) 

3. 
CA) 

PACKET 
PROCESSOR FABRIC FABRIC 
TRAFFIC INTERFACE PORTN-1 
MANAGER 

FIG. 1 

  



US 2005/0135398 A1 Patent Application Publication Jun. 23, 2005 Sheet 2 of 18 

  

  

  

  

  

  

    

  

  

  

  

  

      

    

  

  

  

    

  



US 2005/0135398 A1 

| 

AT? WESSWE}} 

SBNwia 9NHOLMS HVESSO80 018 

Patent Application Publication Jun. 23, 2005 Sheet 3 of 18 

00€ 

079 

||Nf] NOLLWINEWÒES 

  



US 2005/0135398 A1 Patent Application Publication Jun. 23, 2005 Sheet 4 of 18 

S 097 

087 
N || fid1f10 

007 

S 
| 087 

  



US 2005/0135398 A1 Patent Application Publication Jun. 23, 2005 Sheet 5 of 18 

XOOT8 SDNISSE OORHd -ERJd LSET ?DE|}} XOOTE €)NISSE OO??d -EHd 1 SETTOE}} 

  

  

  

  

  



US 2005/0135398 A1 

| ESD\/ LS LSETYDER) SP 

- SN 

P 

Patent Application Publication Jun. 23, 2005 Sheet 6 of 18 

  

    

  

  

    

  

  

  



US 2005/0135398 A1 

SH10NET E TEÑO ELOTOS8\/ CEZ||N\/[\Ò 
£AIHOR, I ZAll-Olºd || ALIJOIHd|0,180|dd 

09/0! / 09/07/0010Z/ 
Patent Application Publication Jun. 23, 2005 Sheet 7 of 18 

  



US 2005/0135398 A1 Patent Application Publication Jun. 23, 2005 Sheet 8 of 18 

(SEWWIJA JO SWHEL NI) B?E?TÒ NI WIWO -JO INTOWW 

| || || || ©NICJOONE 1SETTOEH 

  



US 2005/0135398 A1 Patent Application Publication Jun. 23, 2005 Sheet 9 of 18 
  



US 2005/0135398 A1 

| 2 || ... :) EW, WITHyd|| ? || 
| 9 || ~ EN, VII, z 

| G | EW!!!!!!!!!!!!|| I | | 7 || ... :) EW!!!!!!!!!!!!|| 0 || 

Patent Application Publication Jun. 23, 2005 Sheet 10 of 18 
  



US 2005/0135398 A1 Patent Application Publication Jun. 23, 2005 Sheet 11 of 18 

000|| 

(XOOTG €)NISSHOO}}d -EHd1SENDEN) XOOTE 1SEÑOE}} (XOOTE 9NISSE OO}}d -Bºd ISBm038) XOOTE 1SEÑOE}} 

  



Patent Application Publication Jun. 23, 2005 Sheet 12 of 18 US 2005/0135398 A1 

CO 
2 
O 

s 
H 
Z 
l 
O 
Y 
l 

e 
o 

2. 

  



US 2005/0135398 A1 

s$$$ | OTWA 

s?ŠNI | GTV/ 

Patent Application Publication Jun. 23, 2005 Sheet 13 of 18 

  

  



Patent Application Publication Jun. 23, 2005 Sheet 14 of 18 US 2005/0135398 A1 

O 

?y 
O 

1. 
O 

Y 
O 

1. 
L 

CN 

e 
1. 
O 
fr1 
?h 

cro 

e 
1. 
O 

1. 
l 

  



Patent Application Publication Jun. 23, 2005 Sheet 15 of 18 US 2005/0135398 A1 

CO 
H 

1. 
O 
? 

CO 
CO 
l 

1. 
CD 

  



US 2005/0135398 A1 

XOOTE 1SEÑOE}}}|SWW 

Patent Application Publication Jun. 23, 2005 Sheet 16 of 18 

  



(0,91) XOOT8|| SEÑOE}} IXEN 10ETES 

CINE 

US 2005/0135398 A1 

LNWR-19 TT7 

Patent Application Publication Jun. 23, 2005 Sheet 17 of 18 

  

  



US 2005/0135398 A1 

(Olgi) XOOT8|}}EHLONW/ |OETES 

00/ | 

Patent Application Publication Jun. 23, 2005 Sheet 18 of 18 

  

  

  



US 2005/0135398 A1 

SCHEDULING SYSTEM UTILIZING POINTER 
PERTURBATION MECHANISM TO IMPROVE 

EFFICIENCY 

BACKGROUND 

0001 Store-and-forward devices, such as Switches and 
routers, are used in packet networks, Such as the Internet, for 
directing traffic at interconnection points. The Store-and 
forward devices include a plurality of line cards for receiv 
ing and transmitting data from/to external Sources. The line 
cards are connected to one another via a backplane and a 
Switching fabric. The backplane provides data paths 
between line cards and the Switching fabric and the Switch 
ing fabric provides configurable data paths between line 
cards. The line cards receiving data from external Sources 
(ingress ports) receive data (packets) of various sizes. The 
data received are Stored in queues prior to being transmitted 
to the appropriate line cards for transmission to external 
Sources (egress ports). The packets include a header that 
identifies the destination of the packet. The packet is Stored 
in the queue associated with that destination. The packet 
may also identify a priority for the data and the ingreSS port 
may also include queues for the various priorities. 
0002 The ingress ports send requests for transmitting 
data to a scheduler within the Switching fabric. The sched 
uler generates grants for the queues that should transmit 
packets therefrom. The packets are Switched through a 
crossbar Switching matrix in batches. A batch consists of at 
most one packet Selected from each input port. Thus, no 
more than one of the packets is destined for each output port. 
All the packets in a batch are transferred in parallel acroSS 
the crossbar Switching matrix. While the packets from a 
Scheduled batch are being transferred through the crossbar, 
the Scheduler can Select the packets to form the next batch, 
So that the transmission of the new batch of packets can Start 
as Soon as transmission of the current batch ends. At the end 
of the batch of packets, the fabric Scheduler re-configures the 
crossbar-Switching matrix So as to connect the input ports to 
the corresponding output ports, where its next packet is 
destined to. Because the packets are transferred in batches, 
the Switching paths in the crossbar-Switching matrix is kept 
unchanged for the duration of the longest packet being 
transferred across the crossbar in that batch. For example, 
when a 50-byte packet and a 1500-byte packet are part of the 
Same batch, the crossbar is maintained in the same configu 
ration for the duration of the 1500-byte packet, and only / 
of the bandwidth of the path is used by the 50-byte packet. 
0003. The variable-size packets may be divided into 
fixed-size units (segments) before Switching through the 
crossbar Switching fabric. The Segments are combined into 
the original packet at the output of the fabric. The fabric 
Scheduler Selects at most one Segment from each input port 
to form a batch, Such that the destination port numbers 
associated with the cells in the same batch are distinct. The 
Segment size is typically chosen to correspond to the size of 
the Smallest packet Switched by the fabric, plus the size of 
any internal headers added by the router or Switch before 
passing the packet through the fabric. The fabric Scheduler 
computes a new Schedule for each batch of Segments during 
the transmission time of the Segments. In a high-speed 
Switch, this time interval can be extremely short. For 
example, with a cell size of 64 bytes and a port rate of 10 
Gigabits/second, the fabric Scheduler Schedules a new batch 
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of cells every 51.2 nanoSeconds. The crossbar Switching 
matrix is also configured at intervals of 51.2 nanoSeconds. 
AS the port Speed is increased, both the fabric Scheduler and 
the crossbar reconfiguration are made correspondingly 
faster. 

0004. The ideal operation of a scheduler would be to 
match all of the requests in the most efficient manner taking 
the least possible time. That is, the Scheduler should attempt 
to find the maximum number of matches in each iteration So 
that it would take the least amount of time to process all of 
the requests. However, there is no guarantee that the Sched 
uler can reach this ideal condition. In fact arbiters may get 
themselves in a locked State where the matches repeat 
themselves. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0005 The features and advantages of the various embodi 
ments will become apparent from the following detailed 
description in which: 

0006 FIG. 1 illustrates an exemplary block diagram of a 
Store-and-forward device, according to one embodiment; 
0007 FIG. 2 illustrates an exemplary block diagram of a 
packet-based packet Switch fabric, according to one embodi 
ment, 

0008 FIG. 3 illustrates an exemplary block diagram of a 
Segment-based Switching fabric, according to one embodi 
ment, 

0009 FIG. 4 illustrates an exemplary block diagram of a 
frame-based Switching fabric, according to one embodi 
ment, 

0010 FIG. 5 illustrates an exemplary block diagram of a 
fabric Scheduler, according to one embodiment; 
0011 FIG. 6 illustrates an exemplary pipeline schedule 
for a Switch fabric, according to one embodiment; 
0012 FIG. 7 illustrates an exemplary request frame, 
according to one embodiment; 

0013 FIG. 8 illustrates an exemplary encoding scheme 
for quantizing the amount of databased on frames, accord 
ing to one embodiment; 

0014 FIGS. 9A-B illustrate exemplary SPL mapping 
tables, according to one embodiment; 

0015 FIG. 10 illustrates an exemplary block diagram of 
a Scheduling engine, according to one embodiment; 

0016 FIG. 11 illustrates an exemplary SPL iteration 
table, according to one embodiment; and 

0017 FIG. 12 illustrates an exemplary grant frame, 
according to one embodiment; 

0018 FIG. 13 illustrates an exemplary grant service 
bitmap, according to one embodiment; 

0019 FIG. 14 illustrates an exemplary table of requests 
for three fabric ports, according to one embodiment; 

0020 FIG. 15 illustrates an exemplary pointer perturba 
tion process, according to one embodiment; 
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0021 FIG. 16 illustrates an exemplary method for deter 
mining if the Scheduling is efficient, according to one 
embodiment; and 

0022 FIG. 17 illustrates an exemplary process for mea 
Suring throughput of the Selected request block, according to 
one embodiment. 

DETAILED DESCRIPTION 

0023 Store-and-forward devices, such as Switches and 
routers, are used in packet networks, Such as the Internet, for 
directing traffic at interconnection points. Store-and-forward 
devices include a plurality of interface modules, a Switch 
fabric for Selectively connecting different interface modules, 
and a backplane for connecting the interface modules and 
the Switching fabric. The interface modules include receiv 
ers (ingress ports) to receive data from and transmitters 
(egress ports) to transmit data to multiple Sources (e.g., 
computers, other Store and forward devices) over multiple 
communication links (e.g., twisted wire pair, fiber optic, 
wireless). The Sources may be capable of transmitting/ 
receiving data at different Speeds, different quality of Ser 
Vice, etc. Over the different communication links. The inter 
face modules can transmit/receive data using any number of 
protocols including Asynchronous Transfer Mode (ATM), 
Internet Protocol (IP), and (Time Division Multiplexing) 
TDM. The data may be variable length or fixed length 
blocks, Such as cells, packets or frames. 

0024. The data received from external sources is stored in 
a plurality of queues. The queues may be Stored in any type 
of Storage device and preferably are a hardware Storage 
device Such as Semiconductor memory, on-chip memory, 
off-chip memory, field-programmable gate arrays (FPGAS), 
random access memory (RAM), or a set of registers. The 
interface modules may be line cards or chips contained on 
line cards. A Single line card may include a Single interface 
module (receiver or transmitter) or multiple interface mod 
ules (receivers, transmitters, or a combination). The inter 
face modules may be Ethernet (e.g., Gigabit, 10 Base T), 
ATM, Fibre channel, Synchronous Optical Network 
(SONET), Synchronous Digital Hierarchy (SDH) or various 
other types. A line card having multiple interface modules 
may have the same type of interface modules (e.g., ATM) or 
may contain Some combination of different interface module 
types. The backplane may be electrical or optical. 

0.025 FIG. 1 illustrates an exemplary block diagram of a 
store-and-forward device 100. The device 100 includes a 
plurality of line cards 110 that connect to, and receive data 
from and transfer data to, external links 120. The line cards 
include port interfaces 130, packet processor and traffic 
manager devices 140, and fabric interfaces 150. The port 
interfaces 130 provide the interface between the external 
links 120 and the line card 110. The port interface 130 may 
include a framer, a media access controller, or other com 
ponents required to interface with the external links (not 
illustrated). The packet processor and traffic manager device 
140 receives data from the port interface 130 and provides 
forwarding, classification, and queuing based on flow (e.g., 
class of service) associated with the data. The fabric inter 
face 150 provides the interface necessary to connect the line 
cards 110 to a Switch fabric 160. The fabric interface 150 
includes an ingress port interface (from the line card 110 to 
the Switch fabric 160) and an egress port interface (from the 
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switch fabric 160 to the line card 110). For simplicity only 
a single fabric interface 150 is illustrated, however multiple 
fabric interfaces 150 could be contained on each line card 
110. 

0026. The Switch fabric 160 provides re-configurable 
data paths between the line cards 110 (or fabric interfaces). 
The Switch fabric 160 includes a plurality of fabric ports 170 
(addressable interfaces) for connecting to the line cards 110 
(port interfaces). Each fabric port 170 is associated with a 
fabric interface (pair of ingress fabric interface modules and 
egress fabric interface modules). The Switch fabric 160 can 
range from a simple bus-based fabric to a fabric based on 
crossbar (or crosspoint) Switching devices. The choice of 
fabric depends on the design parameters and requirements of 
the store-and-forward device (e.g., port rate, maximum 
number of ports, performance requirements, reliability/ 
availability requirements, packaging constraints). Crossbar 
based fabrics are the preferred choice for high-performance 
routers and Switches because of their ability to provide high 
Switching throughputs. 

0027. It should be noted that a fabric port 170 may 
aggregate traffic from more than one external port (link) 
asSociated with a line card. A pair of ingreSS and egreSS 
fabric interface modules is associated with each fabric port 
170. When used herein the term fabric port may refer to an 
ingreSS fabric interface module and/or an egreSS fabric 
interface module. An ingreSS fabric interface module may be 
referred to as a Source fabric port, a Source port, an ingreSS 
fabric port, an ingreSS port, a fabric port, or an input port. 
Likewise an egreSS fabric interface module may be referred 
to as a destination fabric port, a destination port, an egreSS 
fabric port, an egreSS port, a fabric port, or an output port. 
0028 FIG. 2 illustrates an exemplary block diagram of a 
packet-based switch fabric 200. The fabric 200 includes a 
plurality of fabric ports 205 to connect to associated fabric 
interfaces (ingreSS/egress pair), a crossbar Switching matrix 
210, a fabric scheduler 220, input buffers 230 to hold 
arriving packets from the fabric ports 205, input channels 
240 to transmit data from the input buffers 230 to the 
crossbar matrix 210 (e.g., associated ports), output channels 
250 to transmit data from the crossbar matrix 210 (e.g., 
associated ports), and output buffers 260 to hold packets 
prior to departing from the fabric ports 205. 
0029. A backplane consists of a plurality of channels 
(input 240 and output 250) that provide connectivity 
between the fabric ports 205 and the crossbar matrix 210 so 
as to provide Switching connectivity between line cards. 
With advances in Serial communication technologies, the 
channels 240, 250 are preferably high-speed serial links. 
High-Speed Serial data can be carried over either electrical 
backplanes or optical backplanes. If an optical backplane is 
used, the transmitting line cards convert electrical Signals to 
optical signals and Send the optical Signals over fiber, and the 
destination line cards receive the optical Signals from the 
fiber and reconvert them to electrical Signals. 
0030 The crossbar matrix 210 is logically organized as 
an array of NXN Switching points, thus enabling any of the 
packets arriving at any of Ninput ports to be Switched to any 
of N output ports, where N represents the number of fabric 
ports. These Switching points are configured by the fabric 
Scheduler 220 at packet boundaries. Typically, the packets 
are Switched through the crossbar Switching matrix 210 in 
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batches, where a batch consists of at most one packet 
Selected from each input port, in Such a way that no more 
than one of the packets is destined for each output port. 
0031. The packets, arriving at one of the input buffers 
230, has a header containing the destination port number 
where it needs to be Switched. The fabric scheduler 220 
periodically reads the destination port information from the 
headers of the packets stored in the input buffers 230 and 
Schedules a new batch of packets to be transferred through 
the crossbar switching matrix 210. The packets in a batch (a 
maximum of N packets) are transferred in parallel across the 
crossbar Switching matrix 210. While the packets from a 
Scheduled batch are being transferred through the crossbar 
210, the scheduler 220 can select the packets to form the 
next batch, so that the transmission of the new batch of 
packets can Start as Soon as transmission of the current batch 
ends. At the end of the batch of packets, the fabric scheduler 
220 re-configures the crossbar Switching matrix 210 So as to 
connect the input ports to the corresponding output ports 
where its next packet is destined to. Because the packets in 
the exemplary Switching fabric 200 are transferred in 
batches, the Switching paths in the crossbar Switching matrix 
210 are kept unchanged for the duration of the longest 
packet being transferred acroSS the crossbar 210 in that 
batch. For example, when a 50-byte packet and a 1500-byte 
packet are part of the same batch, the crossbar 210 is 
maintained in the same configuration for the duration of the 
1500-byte packet. 

0.032 FIG. 3 illustrates an exemplary block diagram of a 
segment-based Switching fabric 300. Like the Switch fabric 
200, the switch fabric 300 includes fabric ports 305, a 
crossbar Switching matrix. 310, a fabric scheduler 320, input 
buffers 330, channels 340, 350 and output buffers 360. In 
addition, the Switch fabric 300 includes segmentation units 
370 and reassembly units 380. The segmentation unit 370 
divides the packets received at the fabric port 305 into 
Segments (cells) having a fixed size. In addition the Seg 
mentation unit 370 adds a header to the segments so that the 
Segments can be identified with one another and put back 
together. The reassembly unit 380 receives the segments and 
re-generates the packet based on the Segments. The reas 
sembly unit 380 uses the headers to identify which segments 
are part of the packet. 

0033. The fixed size of the segments may be chosen to 
correspond to the size of the Smallest packet Switched by the 
Switch fabric 300, plus the size of any internal headers 
added. For example, if the Smallest packet is of size 64 bytes, 
and the Size of the internal headers is 16 bytes, a Segment 
Size of 64+16=80 bytes can be chosen. A packet larger than 
64 bytes, arriving in the Switch fabric 300, will be segmented 
into multiple Segments of maximum size 64 bytes by the 
segmentation unit 370 before Switching through the crossbar 
matrix. 310. If a last segment has less than 64 bytes it is 
padded to 64 bytes So that the Segments are of the same size. 
These segments is appended with a header (e.g., 16 bytes). 
After the segments (data and header) are Switched through 
the crossbar matrix 310 they are combined into the original 
packet by the reassembly unit 380. 

0034. The fabric scheduler 320 works in the same way as 
the fabric scheduler 220 from FIG.2. The segments arriving 
at the input bufferS has a header containing the port number 
where it is destined to. The fabric scheduler 320 may select 
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one Segment from each input port to form a batch, Such that 
the destination port numbers associated with the Segments in 
the same batch are distinct. The Segments within the same 
batch are then transmitted in parallel. Because the Segments 
are of the same size, no bandwidth is wasted in the crossbar 
matrix.310. The fabric scheduler 320 determines (schedules) 
the next batch for transmission during transmission of the 
current batch. In a high-speed Switch, this time interval can 
be extremely short. For example, with a segment size of 80 
bytes and a port rate of 10 Gigabits/second, the fabric 
Scheduler Schedules a new batch of Segments every 64 
nanoseconds ((80 bytesx8 bits/byte)/10 Gbs). The crossbar 
Switching matrix 310 is also configured at intervals of 64 
nanoSeconds. AS the port Speed is increased, both the fabric 
scheduler 320 and the crossbar 310 reconfiguration are made 
correspondingly faster. 
0035 FIG. 4 illustrates an exemplary block diagram of a 
frame-based Switching fabric 400. The Switching fabric 400 
introduces a data aggregation Scheme wherein variable-size 
packets arriving into the Store-and-forward device (e.g., 
router, Switch) are first segmented into Smaller units (Seg 
ments) and then aggregated into convenient blocks 
(“frames”) for switching. The Switching fabric 400 includes 
a Switching matrix 410 (made up of one or more crossbar 
Switching planes), a fabric Scheduler 420, ingress fabric 
interface modules 430, input data channels 440 (one or more 
per fabric port), output data channels 450 (one or more per 
fabric port), egress fabric interface modules 460, ingress 
Scheduling channels 470 and egress Scheduling channels 
480. According to one embodiment, the data channels 440, 
450 are separate from the scheduling channels 470, 480. In 
an alternate embodiment, the Scheduling information can me 
multiplexed with data and Sent over the same physical links, 
and the scheduler 420 can be integrated with one or more 
crossbar planes 410 as well. However, the scheduling func 
tion remains logically Separate from the data path. 
0036) The ingress fabric interface module 430 receives 
packets from the packet processor/traffic manager device on 
a line card. The packet processor/traffic manager processes 
the packets arriving from the external links, determines the 
fabric port number associated with the incoming packet 
(from a header lookup), and attaches this information to the 
packet for use by the Switching fabric 400. The ingress fabric 
interface module 430 receives the packets, Stores the packets 
in associated queues, and Sends the packets to the Switching 
matrix 410 for transfer to a different line card. The egress 
fabric interface modules 460 receive packets arriving from 
the Switching matrix 410 (typically from a different line 
card), and pass them on for any egress processing needed in 
a line card and Subsequently for transmission out on the 
external linkS. 

0037. The ingress fabric interface modules 430 store the 
packets arriving from the packet processor/traffic manager in 
a set of queues. The packets destined to the egreSS fabric 
interface modules 460 are maintained in a separate queue 
(isolated from each other). In addition, the packets destined 
to a specific egress fabric interface module 460 can further 
be distributed into multiple queues based on their class of 
Service or relative priority level. These queues may be 
referred to as Virtual output queues. The packets may be 
broken down into Segments and the Segments Stored in the 
queues. The Segments can be variable Size but are limited to 
a maximum size. 
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0.038. The Segments stored in its queues are aggregated 
into frames by the ingress fabric interface module 430 
before transmission to the crossbar matrix 410. The maxi 
mum size of the frame is a design parameter. The time taken 
to transmit the maximum-size frame is referred to as the 
"frame period.” This interval is the same as a Scheduling 
interval (discussed in further detail later). The frame period 
can be chosen independent of the maximum packet size in 
the System. Typically, the frame period is chosen Such that 
a frame can carry Several maximum-size Segments. The 
frame period is often determined by the reconfiguration time 
of the crossbar data path. For example, the Switching time of 
certain optical devices are currently of the order of micro 
Seconds. If Such devices are used for the data path, the frame 
period is on the order of microSeconds. Electronic Switching 
technologies, on the other hand, are significantly faster, 
allowing frame periods in the range of tens to hundreds of 
nanoSeconds. Another factor that needs to be taken into 
account while choosing the frame period is the overhead in 
Synchronizing the egreSS fabric interface modules with the 
data Streams at the Start of a frame. Data Streams are broken 
at the end of a frame and the new arriving frame may be 
from a different ingress fabric interface module (resulting in 
a change in frequency and/or phase of the clock associated 
with the data stream). Accordingly, the egress fabric inter 
face modules re-establish Synchronization at the boundary of 
frames. 

0.039 The ingress fabric interface module constructs a 
frame by de-queuing one or more Segments from its queues 
when instructed to do So by a grant from the fabric Scheduler 
(discussed in further detail later). A grant may be received by 
an ingreSS fabric interface module during each frame period. 
The grant identifies the Subset of queues from which data 
need to be de-queued based on the destination fabric port 
(egreSS fabric port module). This de-queuing of segments 
proceeds until the frame is full. Because the Segments cannot 
further be broken up, and a frame consists of a whole 
number of Segments, the frames constructed may not have 
the same size, but will be within the maximum size Speci 
fied. Alternatively, the frames that do not equal the maxi 
mum frame Size can be padded to the maximum size So that 
the frames are the same size. 

0040. The fabric scheduler 420 schedules transmissions 
from the ingress fabric interface modules 430 to the egress 
fabric interface module 460 via the crossbar matrix 410. The 
operation of the scheduler 420 is synchronous with respect 
to a frame clock. That is, the Scheduler performs it opera 
tions with a clock cycle that is the same as the clock cycle 
to transmit a frame. 

0041 FIG. 5 illustrates an exemplary block diagram of a 
fabric Scheduler 500. The fabric Scheduler 500 can be used 
within any of the packet-based switch fabrics 200, segment 
based Switch fabrics 300, or frame-based Switch fabrics 400. 
The fabric scheduler 500 includes a plurality of request 
pre-processing blocks 510, an arbitration block 520, and a 
crossbar interface block 530. A request frame is received 
from the ingreSS fabric interface modules, and the request 
pre-processing block 510 processes the requests and for 
wards the requests (including priority levels) to the arbitra 
tion block 520. The arbitration block 520 determines 
matches between the input ports and output ports and 
generates a Schedule based thereon (list of grants indicating 
which ingreSS modules will Send data to which egreSS 
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modules). The Schedule (grants) is provided to the request 
pre-processing blocks 510 and the crossbar interface block 
530. The request pre-processing blocks 510 send the grant 
message to the egreSS fabric interface modules. The crossbar 
interface block 530 configures the crossbar based on the 
grants (ingress module to egreSS module matches). 
0042 Abasic fabric scheduler implementation may need 
only the basic information (ID of non-empty queues) to be 
passed from the ingreSS fabric interface modules. More 
powerful Scheduler implementations, Supporting additional 
features, require more information to be passed. For 
example, the information can optionally include many other 
attributes, Such as the amount of data in the queue and the 
“age” (time interval since a packet was last transmitted) of 
the queue. In addition, if there are multiple queues associ 
ated with each destination port, based on priority or class, 
then the information may include the amount of data queued 
at each priority level for each destination port. 

0043 Based on the information received from the ingress 
fabric interface modules, the fabric Scheduler computes a 
Schedule for the crossbar planes. The Schedule is computed 
by performing a matching of the requests received from the 
ingreSS fabric interface modules and resolving any conflicts 
therebetween. The Scheduler then sets the crossbar matrix 
(planes) to correspond to this setting. If there are multiple 
crossbar planes used to Stripe the data, then the planes are Set 
in parallel to the same configuration. After the fabric Sched 
uler computes its Schedule, the Scheduler communicates 
back to the ingreSS fabric interface modules the Schedule 
information (grants) computed. The information sent to a 
particular ingreSS module includes, at a minimum, the des 
tination fabric port number to which it was matched. Upon 
receiving this information, the ingreSS fabric interface mod 
ules de-queue data (Segments) from the associated queue(s) 
and transmit the data (frames) to the crossbar data planes 
(previously discussed). This is done in parallel by the 
interface modules. Because the fabric Scheduler Sets the 
crossbar planes to correspond to the Schedule information 
(grants) communicated to the ingress fabric interface mod 
ules, the data transmitted by the ingreSS modules will reach 
the intended destination egreSS interface modules. 
0044) While communicating the schedule information 
(grants) to the ingress fabric interface modules, the fabric 
Scheduler may optionally Send information about the com 
puted Schedule to the egreSS fabric interface modules. Spe 
cifically, the Scheduler may send the egreSS modules the port 
number associated with the ingreSS module that will be 
transmitting data to it in that cycle. Although this informa 
tion can be provided within the data stream itself (as part of 
header), Sending it directly from the fabric Scheduler enables 
the egreSS modules to detect errors by comparing the Source 
of the arriving data (obtained from the headers) with the 
Scheduler-Supplied port number. A mismatch indicates an 
error or failure in the Switch fabric system. The arriving data 
can be discarded in Such an event, thus avoiding delivery of 
data to an unintended port. 

004.5 The operations of a Switch fabric include: commu 
nicating Schedule requests from the ingreSS modules to the 
fabric Scheduler (request), the Scheduler's computation of a 
Schedule and communicating the results in the form of 
grants to the ingreSS interface modules and possibly the 
egress interface modules (Schedule), configuring the cross 
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bar planes to correspond to the computed Schedule and 
de-queuing data from the queues associated with the grants 
(configure), and the transmission of the data from the ingress 
modules to the egreSS modules (transmission). The fabric 
Scheduler is responsible for receiving requests, Scheduling/ 
issuing grants, and configuring the crossbar. In a large Switch 
fabric with Several fabric ports, the ingreSS and egreSS fabric 
interface modules may be distributed over Several line cards 
and the crossbar data paths may consist of Several Switching 
planes located over multiple cards. Configuring a large 
Switch fabric (large number of inputs and outputs) may take 
Several clock cycles. Thus, the Overheads associated with the 
operations of the fabric Scheduler (receive request, Schedule 
computation, and crossbar configuration) can be significant. 
No data can be transmitted until these operations are com 
pleted So a large amount of the Switch bandwidth can be 
potentially lost. 
0.046 FIG. 6 illustrates an exemplary pipeline schedule 
for a Switch fabric. The pipeline Schedule includes 4 stages. 
Stage I is the request Stage. During this stage, the ingreSS 
fabric interface modules Send their requests to the fabric 
Scheduler. The Scheduler can perform Some pre-processing 
of the requests in this stage while the requests are being 
received. Stage II is the Schedule Stage. During this stage, 
the Scheduler matches the inputs (ingress modules) to out 
puts (egress modules). At the end of this stage, the Scheduler 
Sends a grant message to the ingreSS fabric interface modules 
Specifying the egreSS modules to which it should be sending 
data. The Scheduler may also send the grants to the egress 
modules for error detection during this stage (if grants for 
ingreSS and egreSS are transmitted together-discussed in 
more detail later). Stage III is the crossbar configuration 
Stage. During this Stage, the Scheduler configures the croSS 
bar planes based on the matches computed during Stage II. 
While the crossbar is being configured, the ingreSS modules 
de-queue data from its queues corresponding to the matched 
egreSS modules. For a frame-based Switch fabric, the ingreSS 
modules will form the frames during this stage. The Sched 
uler may also send grants to the egreSS modules for error 
detection during this stage. Stage IV is the data transmission 
Stage. During this stage, the ingreSS modules transmit their 
data frames across the crossbar. 

0047. Each stage occurs during a clock cycle. For packet 
based Switch fabrics 200 the clock cycle is equivalent to time 
necessary to transmit longest packet (packet period). For 
example, if 1500 bytes is the longest possible packet and the 
port Speed was 10 Gbs the packet period is 1.2 microSeconds 
(1500 bytesx8 bits/byte)/10 Gbs=1.2 microseconds). For 
segment-based switch fabrics 300 the clock cycle is equiva 
lent to the time to transfer a segment (segment period). For 
example, if the Segment Size with headers was 80 bytes and 
the port speed was 10 Gbs the segment period would be 64 
nanoseconds ((80 bytesx8 bits/byte)/10 Gbs). For frame 
based Switch fabrics 400 the clock cycle is equivalent to time 
necessary to transmit the frame (frame period). For example, 
if the frame size is 3000 bytes with header and the port speed 
is 10 Gbs the frame period is 2.4 microseconds (3000 
bytesx8 bits/byte)/10 Gbs=2.4 microseconds). 
0.048. The scheduling requests sent from the ingress 
fabric interface module to the fabric Scheduler during each 
frame period may be formatted as request frames. FIG. 7 
illustrates an exemplary request frame 700. The request 
frame 700 includes a start of frame (SOF) delimiter 710, a 
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header 720, request fields (requests) 730, other fields 740, an 
error detection/correction field 750, and an end of frame 
(EOF) delimiter 760. The SOF 710 and EOF 760 fields mark 
frame boundaries. The header 720 contains a sequence 
number. The error detection/correction 750 is used to detect 
transmission errors and may be used to correct errors. 
According to one embodiment, the error correction/detec 
tion 750 is a cyclic redundancy code (CRC). Frames with 
bad CRC are discarded by the scheduler. Because these 
requests will automatically be repeated during the following 
frame periods (discussed in detail below) no retransmission 
protocol is required. The other fields 740 may be used for 
functions Such as flow control and error control. 

0049. The major part of the request frame 700 is the set 
of requests 730, one for each destination fabric port and 
priority level. ASSuming an example System with 64 fabric 
ports and 4 priority levels, there would be 256 (64 portsx4 
priorities/port) distinct requests 730 in the request frame 
700. The request 730 indicates that there is data in an 
associated queue available for transmission. The request 730 
may Summarize the amount of data in the associated queue. 
The length of the requests 730 (e.g., number of bits) may be 
chosen taking into account limitations on the total length of 
the request frame 700, and the granularity of the amount of 
data in the associated queue needed by the Scheduler (Sched 
uling algorithms). For example, the requests 730 may be 
encoded as 4 bits, thus providing 16 different options for 
defining the amount of data in the queue. That is, the request 
730 can utilize 4 bits to describe the amount of data in the 
queue. The requests 730 can be encoded in various ways to 
define the amount of data in the associated queue. 
0050. The amount of data in the queue may be described 
in terms of number of bytes, packets, Segments or frames. A 
packet-based Switch fabric could define the amount of data 
in terms of bytes or packets. A Segment-based Switch fabric 
could define the amount of data in terms of bytes, packets, 
or Segments. A frame-based Switch fabric could define the 
amount of data in terms of bytes, packets, Segments, or 
frames. According to one embodiment for a frame-based 
Switch fabric, the amount of data is quantized it in terms of 
the frame period. That is, the request 730 may be encoded 
to indicate the number of data frames it would take to 
transport the data within the associated queue over the 
crossbar planes. 
0051 FIG. 8 illustrates an exemplary encoding scheme 
for quantizing the amount of data based on frames. AS 
illustrated, the Scheme identifies the amount of databased on 
/4 frames. Since we have a 3-stage Scheduler pipeline 
(request, grant, configure), the length quantization is 
extended beyond 3 frames to prevent bubbles in the pipeline. 
0.052 The request 730 may identify the priority of the 
data in addition to the amount of data. Because the Scheduler 
may use a number of external criteria in making Scheduling 
decisions, Such as the amount of data queued at each priority 
level, the relative priorities of the requests, and the efficiency 
of the data path (how full the data frames will be), the 
Scheduling process can be extremely difficult. According to 
one embodiment, the external Set of Scheduling criteria 
(priority, amount) is mapped into a set of internal Scheduler 
priority levels (SPL). 
0053 FIG. 9A illustrates an exemplary SPL mapping 
table. For this example, it is again assumed that there are 4 
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priorities (priority 0-3) associated with each queue and that 
it is a frame-based switch fabric. For each priority, the 
mapping table differentiates between full frames and partial 
frames. A frame can be considered full if there are enough 
Segments for that priority queue or lower priority queues 
asSociated with the same destination port. For example, if 
priority 1 for egreSS port 7 has % of a frame, and priority 2 
has /4 of a frame, then the priority 1 queue is considered full. 

0.054 Low priority partial frames will have low SPLS and 
data within the associated queues may never get Scheduled 
(those requests may be starved). To prevent starvation of 
these requests (and the data within those queues) "age 
timers' will be implemented. The scheduler maintains an 
age timer for the requests So that SPLS for requests that are 
old can be increased. For ingreSS modules, the Scheduler 
maintains an NxP age timer value table (where N is the 
number of egreSS ports in the System and P is number of 
external priority levels). The age timer for a particular queue 
is incremented if the length is non-Zero at the end of a 
Scheduling cycle. The timer is reset to Zero if data was 
transmitted in the previous frame period to the egreSS port 
and priority level associated with the age timer. A grant 
Service-bitmap (described later), transmitted from the 
ingreSS modules to the fabric Scheduler as part of the request 
frames, indicates that data from a particular priority queue 
was sent as part of the previous data frame. The aging Status 
may be utilized in the formation of the SPLs. 
0.055 FIG. 9B illustrates an exemplary SPL mapping 
table utilizing the aging Status of the queue. AS illustrated, 
aged out partial frames are given the same SPL as full 
frames. For example, if priority 0 data is part of a full frame 
the scheduler assigns a priority level (SPL) of 0, while the 
scheduler assigns an SPL of 4 for partial frame priority 0 
requests. However, if the partial frame priority 0 request 
ages out, then the request gets promoted from SPL 4 to SPL 
0. In this example, the aging Status was simply aged out or 
not, and aged partial frames were given the same priority as 
full frames. However, the embodiment is not limited to these 
examples. In fact, if the SPL had more bits and thus provided 
more distinct priorities, the aging Status could be made more 
granular (as defined above), more distinctions could be 
made between aged frames and non-aged frames (e.g., aged 
full frames given higher SPL than full frames), or some 
combination thereof. 

0056 FIG. 10 illustrates an exemplary block diagram of 
a scheduling engine 1000. The scheduling engine 1000 
includes request pre-processing blockS 1010 and an arbitra 
tion block 1020. The request pre-processing blocks 1010 are 
asSociated with Specific ingreSS ports. The request pre 
processing block 1010 for a specific ingreSS port assigns 
SPLS to the queues based on the external conditions (e.g., 
priority, aging, fullness) associated with the queues. If there 
are 64 egreSS ports and 4 priorities, there are 256 individual 
requests contained in a request frame received from an 
ingreSS port, each request corresponding to a queue associ 
ated with the ingress port. Using the example of FIGS. 9A 
and 9B, the re-quest pre-processing block will assign one of 
8 SPLS to each request based on the external conditions. 
0057 The arbitration block 1020 generates a switching 
Schedule (ingress port to egress port links) based on the 
contents of the queues and the SPLS assigned thereto. The 
arbitration block 1020 includes arbitration request blocks 
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1030, grant arbiters 1040 and accept arbiters 1050. The 
arbitration request blocks 1030 are associated with specific 
ingress modules. The arbitration request block 1030 gener 
ates requests (activates associated bit) for those queues 
having requests for data to be transmitted. The arbitration 
request block 1030 sends the requests one SPL at a time. 
That is, the arbitration request block 1030 will send the SPL 
0 requests when the arbitration block is set to SPL 0 
(discussed in more detail later). For example, if ingress port 
0 has SPL 0 data to be transmitted for egress ports 7, 11 and 
21 it will Send the corresponding requests to the grant 
arbitrators 1040 associated with egress ports 7, 11 and 21. As 
the arbitration request blocks 1030 are sending the requests 
for the same SPL (and thus same priority) there is no need 
for the requests to include the priority of the data. In fact, 
according to one embodiment the requests will be nothing 
more than an active bit (e.g., set to 1) to indicate that there 
is a request by the associated queue to transmit data. The 
active bit request is known as a request valid. 
0058. The grant arbiters 1040 are associated with specific 
egress modules. The grant arbiters 1040 are coupled to the 
arbitration request blocks 1030 and are capable of receiving 
requests (request valids) from any number (0 to 63 in this 
example) of the arbitration request blocks 1030. If a grant 
arbiter 1040 receives multiple requests, the grant arbiter 
1040 will accept one of the requests (grant) based on some 
type of arbitration (e.g., round robin). For example, if 
ingreSS module 17 was the last request to be granted for 
egress module 11, and egress module 11 receives requests 
from ingress modules 10, 16, 19 and 21, the request for 
ingreSS module 19 will be granted as it is the next ingreSS 
module after the last processed ingreSS module. A grant valid 
corresponding to the request granted will be activated (e.g., 
Set to 1) for the associated ingress port. 
0059) The accept arbiters 1050 are associated with spe 
cific ingress modules. The accept arbiters 1050 are coupled 
to the grant arbiters 1040 and are capable of receiving grants 
(grant valids) from any number (0 to 63 in this example) of 
the grant arbiters 1040. If an accept arbiter 1050 receives 
multiple grants, the accept arbiter 1050 will accept one of 
the grants based on Some type of arbitration (e.g., round 
robin). For example, if egreSS module 19 was the last grant 
to be accepted for ingreSS module 1, and ingreSS module 1 
receives grants for egreSS modules 16, 18 and 21, the grant 
for egreSS module 21 will be accepted as it is the next egreSS 
module after the last processed egreSS module. An accept 
valid corresponding to the grant accepted will be activated 
(e.g., Set to 1) for the associated egress port. If any accept 
arbiter 1050 accepts a grant, the arbitration request block 
1030 associated with that ingress port is disabled for the 
remainder of the Scheduling cycle. Likewise, if a grant is 
accepted for a certain grant arbiter 1040, the grant arbiter is 
disabled for the remainder of the Scheduling cycle. 
0060 Each iteration of the scheduling process consists of 
the three phases: requests generated, requests granted, and 
grants accepted. At the end of an iteration the process 
continues for ingreSS and egreSS ports that were not previ 
ously associated with an accepted grant. The Scheduler also 
includes an iteration manager (not illustrated in FIG. 10). 
The iteration manager is a central block within the Sched 
uling engine that keeps track of the SPL for which the 
iterations are being performed. AS previously mentioned, the 
Scheduler processes requests one SPL at a time. The maxi 
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mum number of iterations that can be performed is a design 
parameter that depends on the clock cycle time and other 
details. The iteration manager allows these iterations to be 
distributed among the different SPLs in a flexible manner, so 
that any unneeded iterations at a certain SPL can be accu 
mulated and carried over to the next level. This is achieved 
by programming a table. The table contains, for each SPL, 
the maximum number of cumulative iterations allowed for 
all the SPLs up to and including that level. 

0061 FIG. 11 illustrates an exemplary SPL iteration 
table. For each SPL, the table includes the number of 
iterations and the maximum allowed cumulative number of 
iterations (programmed value). For example, the number of 
iterations for SPL 0 is 3 and the maximum cumulative 
number of iterations is also 3. The number of iterations 
associated with SPL 1 is 2 and the cumulative number of 
iterations is 5, and so on. Once iterations for one SPL are 
completed, the unmatched requests at that SPL are carried 
over to the next lower SPL and treated at the same priority 
level as the requests in this lower SPL. For example, if three 
iterations were complete for SPL 0 but ingress port 2 still 
had an SPL 0 request for egress port 7, that request would 
be treated like the SPL1 requests. In effect, the SPL for this 
request is increased (priority decreased) to match the SPLS 
of the requests to be processed in the next iteration. 

0.062. In addition, unused iterations from one SPL are 
carried over to the next SPL. That is, if three iterations are 
dedicated for requests at SPL 0, but in iteration 1 it is 
determined that there are no requests at SPL 0, then the 
remaining two iterations could be used by requests at SPL 1. 
Thus, SPL 1 could utilize up to four iterations to grant valid 
requests for as many ingreSS to egreSS matches as possible. 
This iterative matching Scheme (permitting rollover of 
SPLs) is referred to as Iterations Carried Over Next priority 
(ICON). The programmed value (maximum cumulative 
iteration) from FIG. 11 helps in the implementation of 
iteration carry over. The iteration manager knows that until 
the iteration counter reaches the programmed value that the 
iterations can continue for a particular SPL. For example, 
SPL 1 arbitration continues until 5 iterations have been 
completed. Thus, if during iteration number 2 for SPL 0 it is 
determined that no new grants can be given, then the 
iteration manager increments the SPL to 1. Now SPL 1 
arbitration can proceed from iteration number 3 to 5. 

0063 The iteration manager can increment the SPL if (1) 
the number of iterations dedicated for that SPL is completed, 
or (2) the grant arbiters indicate that no new grants can be 
given (either because the grant arbiters did not receive any 
requests, or they are already matched). It should be noted 
that it will take at least one iteration to determine that no new 
grants can be issued (no matching can be done). 
0064. According to one embodiment, the arbitration used 
by the grant arbiters 1140 and the accept arbiters 1150 is a 
round robin arbitration. Accordingly, the grant arbiters 1140 
and the accept arbiters 1150 incorporate a round-robin 
pointer for each SPL. The pointers associated with the grant 
arbiters 1140 are used to Select a winning request at an 
asSociated SPL during the current iteration. The pointers 
associated with the accept arbiters 1150 are used to accept a 
winning grant at an associated SPL during the current 
iteration. Thus, when there are four internal priority levels 
SPL 0-3, there are four round-robin pointers within the grant 
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arbiters 1140 and within the accept arbiters 1150. During 
each iteration, the round-robin pointer in the grant arbiter 
1140 corresponding to the SPL associated with that iteration 
is used to Select the winning request. For example, if the 
current iteration being performed is for SPL-0 requests, the 
grant arbiters 1140 will use the round-robin pointer 0 for 
Selection of the ingreSS port to grant to. If the round-robin 
pointer 0 in the grant arbiter associated with port 5 is 
currently pointing to 12, and if there are active SPL-0 
requests from ingreSS ports 5, 7, 12 and 21, the grant arbiter 
will Select 12 as the egress port to send the grant (the first 
active request starting from its current Setting 12). The 
round-robin pointers in the accept arbiters are used in the 
Same way to Select one of the grants received from the grant 
arbiters. 

0065. After the iterations have been completed, the 
Scheduler performs a pointer update operation during which 
the round-robin pointers in the grant arbiters 1140 and the 
accept arbiters 1150 are updated as follows: If the request 
pointed by the round-robin pointer for a specific SPL in a 
grant arbiter 1140 was matched successfully, (that is, the 
request was satisfied on completion of the iterations), then 
the round-robin pointer is updated to the next valid request 
(in round-robin order), considering the valid requests at that 
SPL and higher SPLS. In the above example, if the request 
from ingreSS port 12 was Satisfied, the round-robin pointer 0 
in the grant arbiter will be updated to 21, the ingreSS port 
number corresponding to the next valid request at SPL-0. If, 
on the other hand, the grant to ingress port 12 was not 
accepted, the round-robin pointer for SPL-0 in the grant 
arbiter is not modified (so that the grant arbiter will again 
Select the request from ingreSS port 12 in the next Scheduling 
cycle, during an iteration at SPL-0). 
0066. In a more complex example, assume that the 
round-robin pointer for SPL-1 in a grant arbiter 0 is pointing 
to port 12, and that the current iteration is being performed 
at the SPL-1 priority level. Assume that there are active 
SPL-1 requests for egress port 0 from ingress ports 5, 12, 17 
and 21 during the current iteration; and that there are 
unmatched SPL-0 requests from ingress ports 6, 16, 19 and 
25, which are also Submitted during the current iteration. 
Also assume that the scheduler was able to satisfy the SPL-1 
request from port 12. Then during the pointer update opera 
tion, the round-robin pointer for SPL-1 is updated to 16, the 
port number corresponding to the next valid request, con 
sidering both SPL-0 and SPL-1 requests submitted during 
the iteration 

0067. The round-robin pointers in the accept arbiters 
1150 are updated during the pointer update operation in a 
Similar manner, except that, while updating a round-robin 
pointer associated with a porti, only the requests originating 
from the ingreSS port i are considered. Thus, if the request 
pointed by the round-robin pointer for a specific SPL in an 
accept arbiter i was matched Successfully, then the round 
robin pointer is updated to the next valid request (in round 
robin order), considering the valid requests from ingress port 
i at that SPL and higher SPLs. For example, assume that 
there are active SPL-0 requests from ingress port 0 for egress 
ports 5, 12, 17 and 21; and active SPL-1 requests for egress 
ports 6, 15, 19 and 25. Also assume that the current iteration 
is at SPL-1, during which the scheduler was able to satisfy 
the SPL-1 request to egress port 15. Then during the pointer 
update operation, the round-robin pointer for SPL-1 is 
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updated to 17, the port number corresponding to the next 
valid request, considering both SPL-0 and SPL-1 requests. 
In one embodiment, the pointer updates will be performed 
considering the request that was Satisfied was for a full frame 
of data or less than a frame at a single priority level. If the 
request that was Satisfied was for less than a full frame of 
data, then the lower-priority requests for the same pair of 
ingreSS-egreSS ports may also be Satisfied by the same grant, 
so that the pointers for the corresponding SPLS can be 
updated as if their requests were Satisfied. The arbitration 
request block 1130 uses the SPLs in two different ways 
depending on whether the Scheduler is arbitrating (Schedul 
ing phase) or updating the pointers (pointer update phase). 
During the Scheduling phase, the arbitration request block 
1130 sends out the requests for the SPL at which the 
arbitration is currently processing, as well as the requests 
remaining unmatched at lower SPLS (higher priorities). For 
example, if SPL 2 is the current level of the iteration, then 
unmatched SPL 0, SPL 1, SPL 2 requests are sent out for 
arbitration. During the pointer update phase, the grant and 
accept arbiters update their per-SPL round-robin pointers 
one SPL at a time. Therefore, the arbitration request block 
1130 sends out only requests of the SPL that is currently 
being processed. 
0068 AS previously mentioned, a grant is formed by the 
Scheduler at the end of the Scheduling cycle for transmission 
to the ingreSS ports and the egreSS ports. The grant is Sent by 
the fabric Scheduler in a grant frame Similar to the request 
frame it receives from the ingress fabric interface modules. 
The grant to the ingreSS module identifies which egreSS 
module it should Send data to. The ingreSS module knows 
which queues are associated with the egreSS module and thus 
can form the data frame from those queues. According to 
one embodiment, the Segments used to create the data frame 
are Selected from the highest priority queues first (e.g., 
priority 0). If the highest priority queue does not have 
enough Segments or has no data, the ingreSS module moves 
to the next priority queue to generate the frame. Once the 
frame is full, and the crossbar is configured, the frame is 
transmitted to the Switching fabric. Starting with the highest 
priority queues may cause Some queues to Starve (have 
Segments that are not sent for long periods of time). AS 
previously discussed, the Scheduler may take account of the 
age of the data within the queues in the formation of the 
SPLS (e.g., partial aged frame is given same SPL as full 
frame) and thus the Selection of requests for that arbitration 
request block (ingress module). However, if the Scheduler 
Selects a request from a particular ingreSS module for a 
particular egreSS module based on a lower level priority, the 
particular ingreSS module may have received higher level 
data prior to the dequeuing of data from queues associated 
with the particular egreSS port. Accordingly, the higher 
priority queue will be used to form the frames and the lower 
priority queue may again not be Serviced. 
0069. According to one embodiment, the grant for the 
ingreSS module may include the priority as well as the egreSS 
module. When the priority level is identified, the ingress 
module will Start dequeuing data from the identified priority 
queue first. Starting from a specific priority level would 
prevent the lower priority queues from Starving (not being 
transmitted for a long time). The priority may be included all 
of the time, or only when the age timers indicate that the data 
in the queue is starving or is Soon to be starving (e.g., has 
exceeded Some time threshold). 
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0070 The grant message to the ingress module is sent out 
at the end of the Scheduling/grant frame (stage II), So as to 
give the Scheduler enough time to compute the matching. 
That is, the Scheduler can Start transmitting the grant frame 
while it is still working on the computation of the matching, 
and the result is needed only close to the end of the frame 
time. This avoids an additional frame time worth of delay in 
the Scheduling pipeline. 
0071. The grant frame to the egress module identifies the 
ingreSS module that will be transmitting data to the egreSS 
module. The egreSS module can compare the frame received 
from the crossbar with the grant to determine if the correct 
data was sent. A mismatch in the frame received and the 
grant indicates Some type of error in transmission and results 
in discarding of the frame. 
0072) If both the ingress and egress modules associated 
with the same fabric port are packaged together (e.g., in the 
same chip or board), the two grant messages could be 
combined into a single grant frame. FIG. 12 illustrates an 
exemplary grant frame 1200, combining the messages to 
ingreSS and egreSS fabric interface modules associated with 
a fabric port. The grant frame 1200 includes a start of frame 
(SOF) delimiter 1210, a frame header 1220, other fields 
1230, an egreSS module grant 1240, an ingreSS module grant 
1250, an error detection/correction field 1260, and an end of 
frame (EOF) delimiter 1270. The other fields 1230 can be 
used for communicating other information to the ingreSS and 
egreSS modules, Such as flow control Status. The egreSS 
module grant 1240 may include an ingress module (input 
port) number 1242 representing the ingress module it should 
be receiving data from, and a valid bit 1244 to indicate that 
the field is valid. The ingress module grant 1250 may include 
an egreSS module (output port) number 1252 representing 
the egreSS module to which data should be sent, a starting 
priority level 1254 representing the priority level of the 
queue that should be used at least as a starting point for 
de-queuing data to form the frame, and a valid bit 1256 to 
indicate that the information is a valid grant. The presence 
of the starting priority field enables the scheduler to force the 
ingreSS module to start de-queuing data from a lower priority 
queue when a higher-priority queue has data. This allows the 
System to prevent Starvation of lower-priority data. The error 
detection/correction field 1260 (e.g., a Cyclic Redundancy 
Code (CRC)) is used to detect errors in the grant frame. 
0073. If the grant includes the priority, the ingress module 
should start de-queuing data at the given priority. However, 
data from other priority levels may be sent as part of the 
same frame if the specified priority level does not have a full 
frame of data. It is important for the fabric scheduler to 
receive information from the ingreSS module on which 
priorities were actually Serviced while Sending the frame. 
This information is sent back from the ingreSS module to the 
fabric Scheduler as a grant Service bitmap. 
0074 FIG. 13 illustrates an exemplary grant service 
bitmap. The grant Service bitmap includes one bit for each 
priority level. If Segments from that priority were part of the 
data frame that was Sent during the last frame time the 
associated bit is active (set to 1). For example, if a frame 
contains priority 0 and priority 2 Segments, the grant Service 
bitmap will set the bits corresponding to priority 0 and 
priority 2 active (as illustrated). According to one embodi 
ment the grant Service bitmap is contained within a request 
frame. 
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0075. The bitmap corresponds to the grant that was last 
Serviced by the ingreSS module. For example, if Scheduler 
Sends a grant in Frame 3, the ingreSS module de-queues 
Segments and forms a data frame during frame period 4, and 
the ingreSS module Sends the grant Service bitmap to the 
scheduler in frame period 5. When the scheduler receives the 
bit map having bits 0 and 2 active it knows that Segments of 
priority 0 and priority 2 were part of the data frame sent 
during the last frame time. Once the Scheduler determines 
that Segments were transmitted for a particular queue, the 
age timer is reset for that queue. If the queue was considered 
aged and accordingly was given a higher SPL, the SPL will 
be lowered as the queue will not be considered aged any 
more (age timer reset). 
0.076 The ideal operation of the scheduler would be to 
match the requests in the most efficient manner taking the 
least possible time. That is, the Scheduler should attempt to 
find the maximum number of matches in each iteration So 
that it would take the least amount of time to process the 
requests. However, there are specific patterns of requests 
from ports for which it is especially difficult to compute 
efficient Schedules. For example, consider three ingreSS ports 
and three egreSS ports Such that each ingreSS port had two 
requests and each egreSS port had two requests. FIG. 14 
illustrates an exemplary table of requests for three fabric 
ports. AS illustrated there are a total of six requests. Each 
ingress port (ports 0-2) 1410 is requesting to transmit data to 
two egress ports 1420, and each egress port (ports 0-2) has 
requests from two ingress ports 1410 that want to transmit 
data thereto. For example, ingreSS port 1 has requests for 
egreSS ports 1 and 2. EgreSS port 0 is receiving requests from 
ingreSS ports 0 and 2. In an ideal operation, assuming that no 
additional requests were received, the Scheduler would 
Schedule three requests in one frame and the other three 
requests in the next frame. For example, in frame 0 the 
Scheduler would Schedule the following requests: ingreSS 
port 0 to egreSS port 0, ingreSS port 1 to egreSS port 1, and 
ingreSS port 2 to egreSS port 2. In frame 1, the Scheduler 
would Schedule the remaining requests: ingreSS port 0 to 
egreSS port 1, ingreSS 1 to egreSS 2, and ingreSS 2 to egreSS 
O. 

0077. However, there is no guarantee that the scheduler 
can reach this ideal condition. In fact the arbiters may get 
themselves in a locked State where the matches repeat 
themselves. For example, in the above example of FIG. 14, 
the Scheduler may Schedule two requests at a time and take 
3 frames to Schedule the Six requests. For example, the 
Scheduler may Schedule in frame 0 ingreSS2 to egreSS 0 and 
ingreSS 1 to egreSS 1, in frame 1 ingreSS 0 to egreSS 0, and 
ingreSS 2 to egreSS 2, and frame 2 ingreSS 0 to egreSS 1 and 
ingreSS 1 to egreSS 2. The round-robin arbiters in this case 
are in a State where only two out of three matches occur. 
Thus, the matching algorithm is providing only 66% 
throughput. The scheduler will only enter this state if the 
requests remain at the same priority level. If a request 
changes priority levels, the arbiters may come out of this 
locked State. 

0078. The pointer perturbation is performed periodically 
on detecting a Sustained inefficiency in the matchings com 
puted by the scheduler. Pointer perturbation helps introduce 
Some randomneSS in the algorithm and helps the otherwise 
deterministic matching algorithm to give better matches. 
FIG. 15 illustrates an exemplary pointer perturbation pro 
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ceSS. AS pointer perturbation is only performed if the Sched 
uler is not obtaining 100% efficiency (e.g., all the requesting 
input ports and/or all the requested output ports are not 
matched). A determination as to whether matching is effi 
cient or not is done periodically 1500 (discussed in more 
detail with respect to FIG. 16). If the matching is found to 
be inefficient (1500 No), then one of the request blocks is 
selected to cause perturbation 1510. According to one 
embodiment, the request blocks are Selected based on a 
round-robin Selection. 

0079. After the block is selected 1510, a determination is 
made as to whether the Selected request block can use 
perturbation 1520 (discussed in more detail with respect to 
FIG. 17). If the determination is made that the request block 
can use perturbation (1520 Yes), then the request block is 
masked out 1530 during the pointer update phase so that the 
grant arbiters do not receive requests from this request 
block. This masking of the request block 1530 will mean that 
the grant arbiters receive a different (e.g., Smaller) set of 
requests including Some of the arbiters that were pointing to 
the requests from the perturbing request block. This causes 
a disturbance in the pointers and any locked State gets 
broken. 

0080) If the determination is made that the request block 
does not need perturbation (1520 No), a next request block 
is selected 1510. The pointer attribution process can be 
repeated at a regular frequency (e.g. every 64 frames). That 
is, every 64 frames, a determination will be made as to 
whether scheduling is efficient 1500. 

0081 FIG. 16 illustrates an exemplary method for deter 
mining if the Scheduling is efficient. Initially, a frame 
counter F and an inefficiency counter I are set to Zero (F=0, 
I=0) 1600. A determination is made as to whether all the 
request blocks that Sent out requests have been matched 
(e.g., is request efficiency 100%) for the frame period 1610. 
If all the requests blocks had requests granted during the 
frame (e.g., the frame was 100% request efficient-1610 
yes), the frame count is incremented by 1 (F=F+1) 1640. If 
all the request blockS did not have requests granted during 
the frame (e.g., the frame was not 100% request efficient 
1610 No), then a determination is made as to whether all the 
grant arbiters that received request were matched (e.g., is 
grant efficiency 100%) for the frame period 1620. If all the 
grant arbiters had grants accepted during the frame (e.g., the 
frame was 100% grant efficient-1620 yes), the frame count 
is incremented by 1 (F=F+1) 1640. If all the request blocks 
did not have grants accepted during the frame (e.g., the 
frame was not 100% grant efficient-1620 No), then inef 
ficiency count is incremented by 1 (I-I+1) 1630. After, the 
inefficiency count is incremented 1630 the frame count is 
incremented 1640. A determination is then made, as to 
whether the frame just processed and monitored was a 
predefined frame (e.g., the tenth frame) 1650. If it is not the 
10" frame that has been monitored (1650 No), then the 
process Starts again for the next frame. If the frame was the 
10" frame (1650 Yes), a determination is made as to whether 
Some percentage of the monitored frames were inefficient 
(e.g., at least 30%, at least 3) 1660. If the inefficiency count 
is less than 3 (1660 No), the process ends. If the counter is 
greater than or equal to 3 (1660 Yes) the process proceeds to 
selecting a request block for perturbation (e.g., 1510 of FIG. 
15). 
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0082 FIG. 17 illustrates an exemplary process for mea 
Suring throughput of the Selected request block (e.g., can this 
block use perturbation). Initially a determination is made as 
to whether the requests from this request block have been at 
the same priority for Some defined number of frames (e.g., 
the past 16 frames) 1700. If the requests have not been the 
same priority (1700 No) for the past 16 frames, then another 
request block is selected (e.g., 1510 of FIG. 15). If the 
requests were the same priority (1700 Yes), then the grant 
throughput for the associated input port is measured 1710. 
Measuring the throughput includes determining number of 
grants the input port received during the past predetermined 
number (e.g. 16) of frames. A determination is then made as 
to whether the number of grants falls within an acceptable 
range for performing perturbation (e.g., between 8 and 14) 
1720. If the number of grants received by the input port is 
greater than 8 but less than 14 (1720 Yes) then the request 
block agrees to perturb the pointers (e.g., 1530 of FIG. 15). 
If the number of grants received is less than 8 or greater than 
14 (1720 No) then the next request block is selected (e.g., 
1510 of FIG. 15). If less than 8 grants were received, the 
request block is operating at 50% or leSS matching So no 
perturbation is performed to avoid causing more Suffering to 
that input port. If number of grants received is 15 or 16, then 
no perturbation is performed on that request block as the 
input port is getting good matching. 

0.083 Although the various embodiments have been 
illustrated by reference to specific embodiments, it will be 
apparent that various changes and modifications may be 
made. Reference to “one embodiment” or “an embodiment” 
means that a particular feature, Structure or characteristic 
described in connection with the embodiment is included in 
at least one embodiment. Thus, the appearances of the 
phrase “in one embodiment” appearing in various places 
throughout the Specification are not necessarily all referring 
to the same embodiment. 

0084. Different implementations may feature different 
combinations of hardware, firmware, and/or Software. For 
example, Some implementations feature computer program 
products disposed on computer readable mediums. The 
programs include instructions for causing processors to 
perform techniques described above. 
0085. The various embodiments are intended to be pro 
tected broadly within the Spirit and Scope of the appended 
claims. 

What is claimed is: 
1. A Scheduling device comprising 
a plurality of ingreSS ports to receive data from external 

SOurceS, 

a plurality of egreSS ports to transmit data to external 
destinations, 

a plurality of queues to Store data waiting to be transmit 
ted, wherein the queues are associated with a particular 
ingreSS port and a particular egreSS port; 

a request generator to generate requests for permission to 
transmit data from the queues; 

a Switching matrix to provide Selective connectivity 
between the plurality of ingreSS ports and the plurality 
of egreSS ports, and 
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a Scheduler to receive the requests, generate grants based 
thereon, and configure the Switching matrix, wherein 
said scheduler will perform perturbation of its sched 
uling State if it is determines that it is operating inef 
ficiently. 

2. The device of claim 1, wherein said Scheduler deter 
mines if it is operating efficiently at fixed intervals. 

3. The device of claim 2, wherein the fixed internals are 
a number of Scheduling phases. 

4. The device of claim 1, wherein said Scheduler deter 
mines efficiency by monitoring requests granted for Some 
fixed interval. 

5. The device of claim 4, wherein the fixed interval is a 
number of Scheduling phases. 

6. The device of claim 4, wherein the monitoring requests 
includes monitoring number of Sources Sending requests 
being issued grants. 

7. The device of claim 4, wherein the monitoring requests 
includes monitoring number of destinations receiving 
requests being issued grants. 

8. The device of claim 4, wherein said Scheduler considers 
a Scheduling phase inefficient if Some predetermined amount 
of requests Sent from Sources or Some predetermined amount 
of requests received by destinations are not granted. 

9. The device of claim 8, wherein said Scheduler is 
considered inefficient if more than a certain percentage of 
the Scheduling phases is considered inefficient. 

10. The device of claim 1, wherein said scheduler per 
forms perturbation by blocking requests from a particular 
SOCC. 

11. The device of claim 10, wherein the particular source 
is Selected according to an arbitration Scheme. 

12. The device of claim 11, wherein the arbitration 
Scheme is a round-robin. 

13. The device of claim 11, wherein the selection of the 
particular Source includes determining if requests for the 
particular Source have been the same priority. 

14. The device of claim 11, wherein the selection of the 
particular Source includes determining throughput of the 
particular Source. 

15. The device of claim 1, wherein the plurality of queues 
Store at least Some Subset of packets, Segments, and frames. 

16. The device of claim 1, wherein the requests indicate 
cumulative amount of data. 

17. The device of claim 16, wherein the requests indicate 
the cumulative amount of data in terms of at least Some 
combination of bytes, packets, Segments, and frames. 

18. The device of claim 1, further comprising 
a Segmentation unit to receive variable size packets and to 

Store the variable size packets as Segments in the 
queues, wherein the variable size packets having a 
length greater than a maximum Segment length are 
divided into multiple Segments, and 

a reassembly unit to combine the Segments making up a 
complete packet together to generate the packet. 

19. The device of claim 18, further comprising 
a framer to aggregate a plurality of Segments to form a 

frame, wherein the Segments are retrieved from the at 
least one queue, and wherein the frame may contain 
Segments associated with different packets, and 

a deframer to extract the Segments from the frame. 
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20. The device of claim 16, wherein the requests also 
indicate other factors, wherein the other factors include at 
least Some Subset of priority and aging. 

21. The device of claim 20, wherein the scheduler assigns 
the requests internal priority numbers based on at least Some 
Subset of the cumulative amount of data and the other 
factors, and generates the grants based at least in part on the 
internal priority numbers associated with the requests. 

22. A method comprising: 
receiving data from external Sources, 
Storing the data waiting to be transmitted in queues, 

wherein the queues are associated with an external 
Source from which the data came and an external 
destination to which the data is going; 

generating requests for permission to transmit data from 
the queues; 

receiving the requests at a Scheduler, 
generating grants in the Scheduler based on the received 

requests, 

performing perturbation when the Scheduler determines 
that it is operating inefficiently; and 

Selectively connecting the external Sources and the exter 
nal destinations based on the generated grants. 

23. The method of claim 22, wherein the Scheduler 
determines inefficiency by monitoring the requests granted. 

24. The method of claim 22, wherein said performing 
includes blocking requests associated with a Specific Source. 

25. The method of claim 22, wherein said storing includes 
Storing at least Some Subset of packet, Segments and blockS 
in the queues. 

26. The method of claim 22, wherein the requests indicate 
the cumulative amount of data in terms of bytes, packets, 
Segments or frames. 

27. The method of claim 26, wherein the requests also 
indicate other factors including at least Some Subset of 
priority and aging. 

28. The method of claim 22, further comprising 
dividing variable sized packets having a length greater 

than a maximum Segment length into multiple Seg 
ments, wherein Said storing includes Storing Segments, 
and 

reassembling the Segments making up a complete packet 
together to generate the packet. 

29. The method of claim 28, further comprising 
aggregating a plurality of Segments to form a frame, 

wherein the Segments are retrieved from the at least one 
queue, and wherein the frame may contain Segments 
asSociated with different packets, and 

extracting the Segments from the frame. 
30. A store and forward device comprising 
a plurality of Ethernet cards to receive data from and 

transmit data to external Sources, wherein the plurality 
of Ethernet cards include 
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an ingreSS interface module to receive data from external 
Sources, Store the data in queues associated with at least 
Some Subset of destination and priority, generate 
requests for transmitting data, and transmit data from 
queues upon receipt of an associated grant; and 

an egreSS interface module to receive data from the 
ingreSS interface module, and transmit the data to a 
destination; 

a Switching matrix to provide Selective connectivity 
between the Ethernet cards; 

a backplane consisting of a plurality of channels to 
connect the plurality of Ethernet cards to the Switching 
matrix, and 

a Scheduler to receive the requests, process the requests 
and generate grants therefrom, and configure the 
Switching matrix accordingly, wherein Said Scheduler 
performs perturbation if it is determines that it is 
operating inefficiently. 

31. The device of claim 30, wherein said Scheduler 
determines efficiency by monitoring requests granted. 

32. The device of claim 30, wherein said Scheduler 
performs perturbation by blocking requests from a particular 
SOCC. 

33. The device of claim 30, wherein 

the data is variable sized packets, 
the ingress interface module includes a segmentation unit 

to receive the variable sized packets and to Store the 
Variable sized packets as Segments, wherein the vari 
able sized packets having a length greater than a 
maximum Segment length are divided into multiple 
Segments, and 

the egreSS interface module includes a reassembly unit to 
combine the Segments making up a complete packet 
together to generate the packet. 

34. The device of claim 33, wherein 

the ingreSS interface module further includes a framer to 
aggregate a plurality of Segments to form a frame, 
wherein the Segments are retrieved from the at least one 
queue, and wherein the frame may contain Segments 
asSociated with different packets, and 

the egreSS interface module further includes a deframer to 
extract the Segments from the frame. 

35. The device of claim 30, wherein 

the requests indicate at least Some Subset of quantity, 
priority and aging; and 

the Scheduler assigns the requests internal priority num 
bers based on at least Some Subset of the quantity, 
priority and aging, and generates the grants based at 
least in part on the internal priority numbers associated 
with the requests. 


